In tumors and embryoid bodies of mouse teratoma a correlation has been established between specific activity of alkaline phosphatase (EC 3.1.3.1) and content of embryonal carcinoma, the stem cell of the tumor. A histochemical study of embryoid bodies has shown that high levels of the enzyme are confined to embryonal carcinoma. Fifteen tissue culture lines could be classified into three groups: (a) lines identifiable as pluripotential embryonal carcinoma by their morphology, tumorigenicity, and capacity to differentiate in vivo; (b) nullipotential embryonal carcinoma, resembling pluripotential embryonal carcinoma in morphology and malignancy but giving rise to undifferentiated tumors; and (c) lines of apparently nonmalignant somatic cells. Both types of embryonal carcinoma possess levels of alkaline phosphatase 5-to a 100-fold higher than the somatic cell lines. The embryonal carcinoma enzyme resembles the enzymes from kidney and placenta in kinetics of thermal inactivation and sensitivity to the inhibitor L-phenylalanine, but is distinguishable from the alkaline phosphatases of liver and intestine. These findings are discussed in relation to the use of teratoma for the study of cell differentiation.
Teratomas are tumors containing chaotic associations of differentiated tissues (1, 2) . These tissues, which may include derivatives of all three germ layers, are formed by differentiation of a pluripotential stem cell, embryonal carcinoma, which alone is responsible for the malignancy of the tumor (3); the differentiated tissues to which it gives rise are, as a rule, nonmalignant. The incidence of spontaneous testicular teratomas, derived from primordial germ cells (4) , is particularly high in strain 129 mice (5) . Teratomas can be induced experimentally by: (a) grafting of genital ridges from embryos of 12.5-13.5 days gestation to the testis of histocompatible adults, a procedure which produces teratomas derived, like the spontaneous tumors, from primordial germ cells (6); (b) grafting of 3-to 6-day embryos to the testis of histocompatible adults, which produces teratomas whose cell of origin is uncertain, but is probably not a primordial germ cell (7, 8) . Notwithstanding this possible difference in origin, the embryonal carcinoma cells of spontaneous, genital ridge-derived and embryo-derived tumors appear to be functionally and histologically identical; and structural resemblances both to primordial germ cells and to cells of 6-to 7-day mouse embryos have been noted (9, 10) .
By grafting primary tumors subcutaneously or intraperitoneally, transplantable lines have been developed from both spontaneous and induced teratomas (7, 10) . When some lines are grafted intraperitoneally, an ascites containing large numbers of "embryoid bodies" (11) is formed. These structures vary in complexity from small cell-aggregates containing only embryonal carcinoma and parietal endoderm (yolk sac) to large cystic structures containing more differentiated tissues and a smaller proportion of embryonal carcinoma (12) . Embryonal carcinoma cells from both spontaneous and induced teratomas have been adapted to growth in tissue culture. Clones which grow in vitro without overt differentiation give well-differentiated tumors on subcutaneous or intraperitoneal inoculation, showing that the multipotentiality of the cells is maintained during extended periods of growth in culture (13) (14) (15) (16) .
It appeared important for any study of the mechanisms underlying differentiation in teratomas to characterize biochemically the various cell types found in them. We have therefore begun to examine teratomas for enzymes of restricted tissue distribution.
Alkaline phosphatase (EC 3.1.3.1) belongs to this class of enzymes. In the adult mammal it is present in most tissues, but high activities are found only in a few; small intestine, kidney, bone, and placenta have specific activities one to two orders of magnitude above those of other organs (17) . In the embryo, high activities are more widely distributed; all tissues are rich in alkaline phosphatase at early stages of development (18) . In particular, primordial germ cells are rich in the enzyme (19 (13) (14) (15) has shown that colonies of embryonal carcinoma have a characteristic morphology: the intracellular boundaries between the small epithelial cells are indisthis morphology were transferred to separate culture dishes and grown out. A2 and A3 were derived from OTT 6050 A in this manner. F9 and H3, of which H3.2, H3.4, H3.5, and H3.6 are clones, were isolated from OTT 6050-970 as the embryonal carcinoma-like outgrowth of single embryoid bodies cultured on an agar substratum. As can be seen in Table 1 , cell lines of embryonal carcinoma are highly malignant. However there is a wide variation in their capacity to differentiate: F9, H3.2, H3.6, PC.2, PC.7, and PC.13 all gave well-differentiated tumors at the time of their isolation, whereas clones H3.4 and H3.5 are effectively nullipotential. Few differentiated elements have been seen in recent tumors of F9, which has; apparently lost most of its potentialities.
During the course of this work mycoplasma contamination of F9 and the clones of H3 was detected. F9-1018, F9-1021, H3.6-1027, and H3.6-1031 are sublines of F9 and H3.6 which have been decontaminated by animal passage (see Table 1 ).
Clones 970-W, 970-P, and 970-0, of which 970-02c and 970-0a4 are sublines, originated from embryoid bodies of OTT 6050-970 that were placed in culture for 3 days, at which time they were dissociated with TVP and cloned on feeder layers of irradiated mouse fibroblasts. The choice of these cell lines for further cultivation was made because they were clearly distinct from embryonal carcinoma. The former two clones are fibroblast-like, while 970-0 and its derivative are epithelial. None of them has produced tumors in a host animal ( (24) and by direct microbiological culture.
RESULTS
As a basis for comparison, the specific activities of alkaline phosphatase in various organs of strain 129 mice are given in Table 2 . Table 3 (Fig. 1) . alkaline phosphatase in KB cells (25) , the specific activity of the enzyme of H3.6 is independent of serum concentration in this range. Expression of the enzyme also appears not to be markedly influenced by mycoplasma contamination. Although the decontaminated derivatives of F9 and H3.6 show some variation in specific activity (Table 4) , it is clear that decontaminated lines can retain high specific activities. Polyploidy also appears to have little effect, since the specific activity of H3.6 remained constant within 10% during a progression of the population from a 2s content of 52% to one of 80%.
The data in Table 4 reveal a wide variation in the values of specific activity obtained for F9, the line which has undergone the largest number of cell generations in vitro. The cause(s) of this variation remains as unclear as that of the relative low values observed for A2 and A3. Concerning the latter, all that we can state at present is that we have examined H3.6 and A2 with respect to: (a) the variation of specific activity in the course of the growth cycle; (b) excretion of the enzyme into the medium; and (c) presence in A2 of a diffusible inhibitor. Specific activities of both lines increase 2-fold during the growth cycle, but no increase in the specific activity of A2 sufficient to give values approaching those of H3.6 was observed. No evidence for significant excretion of the enzyme by either strain, nor for the existence in the A2 extract of an inhibitor of the H3.6 enzyme, was found.
Notwithstanding the wide range of specific activities noted in embryonal carcinoma cell lines, the specific activities of the somatic lines 970-W, 970-P, 970-02c, and 970-Oa4 are seen (Table 4) (27) and in man (28) . Fig. 2 shows the effect of this inhibitor on alkaline phosphatase activity in extracts of cell lines of embryonal carcinoma, embryoid bodies, and organs of strain 129 mice. The intestinal enzyme is strongly inhibited, whereas the liver enzyme is virtually resistant. The observed inhibition of a mixture of the liver and intestinal extracts closely approximated the sum of the inhibitions obtained for the individual extracts. Thus, the insensitivity of the liver enzyme to the inhibitor is not due to binding or inactivation of iphenylalanine by other components in the extract. The teratoma enzyme is distinguishable from both the liver and intestinal enzymes by its intermediate sensitivity, a characteristic which is shared by the kidney and placental enzymes.
The kinetics of heat inactivation at 470 of alkaline phosphatases from organs of strain 129 mice, embryoid bodies, and embryonal carcinoma cell lines are presented in Fig. 3 . The enzymes of H3-6 and of embryoid bodies from OTT 6050 A and OTT 6050 B resemble the kidney and placental enzymes in thermolability. The enzyme from PC.8 shows inactivation kinetics similar to those of H3.6, and the liver enzyme resembles the intestinal enzyme by this criterion (unpublished results). The kinetics of inactivation of alkaline phosphatase from A2 and A3 are distinct from both those of the other teratoma enzymes and of all organs examined. It will be noted that the alkaline phosphatase from embryoid bodies of OTT 6050 A, from which A2 and A3 were derived, shows inactivation kinetics similar to those of OTT 6050 B and H3.6. Because of this and the disparity between the specific activities of A2 and A3 and the embryoid bodies of OTT 6050 as mentioned above, we feel that the results on A2 and A3 should be considered exceptional at present.
The results confirm the studies on inhibition by iphenylalanine in distinguishing the embryonal carcinoma alkaline phosphatase from the liver and intestinal enzymes, and present a second point of similarity between the teratoma enzyme and those from kidney and placenta. AMore sensitive methods are required to determine whether these enzymes are identical.
DISCUSSION
The use of teratoma for the study of cell differentiation offers advantages over the use of embryos: large amounts of experimental material, which can be derived from embryos of various genotypes (7) , are available; and the near-diploid karyotypes of embryonal carcinoma (13) (14) (15) (16) 29) and of somatic cell lines which differentiate from it (this report) make it favorable material for the study of problems of differentiation by application of the methods for genetic analysis of somatic cells (13, 29) . The suitability of teratoma as a model system, however, depends on the extent to which the differentiation of embryonal carcinoma resembles that of embryonic cells.
The present work demonstrates close parallels between embryonal carcinoma and embryos: the former shares with many types of differentiating cells a high level of alkaline phosphatase activity, and differentiation in the teratoma, as in the embryo (18) , is accompanied by a fall in activity. The results suggest that studies of the function of the enzyme in embryonal carcinoma will be of value in elucidating its role in primordial germ cells (19) and in all embryonic tissues at the onset of organogenesis (18) .
